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Background: RAD51AP1 physically and functionally interacts with the RAD51 and DMC1 recombinases.
Results:Mutational analysis showed that the WVPP sequence in RAD51AP1 is part of the DMC1-specific interaction motif.
Conclusion: RAD51AP1 interacts with RAD51 and DMC1 through distinct motifs.
Significance:RAD51AP1 likely functions inmeiotic homologous recombination by enhancing the recombinase activity of both
RAD51 and DMC1.
Homologous recombination (HR) reactions mediated by the
RAD51 recombinase are essential for DNA and replication fork
repair, genome stability, and tumor suppression. RAD51-asso-
ciated protein 1 (RAD51AP1) is an important HR factor that
associates with and stimulates the recombinase activity of
RAD51. We have recently shown that RAD51AP1 also partners
with the meiotic recombinase DMC1, displaying isoform-spe-
cific interactions with DMC1. Here, we have characterized the
DMC1 interaction site in RAD51AP1 by a series of truncations
and pointmutations to uncover a highly conservedWVPPmotif
critical for DMC1 interaction but dispensable for RAD51 asso-
ciation. This RAD51AP1motif is reminiscent of the FVPPmotif
in the tumor suppressor protein BRCA2 that mediates DMC1
interaction. These results further implicate RAD51AP1 in mei-
otic HR via RAD51 and DMC1.
Homologous recombination (HR)2 helps ensure proper
chromosome disjunction during the first meiotic division and
represents an important pathway for eliminating chromosomal
lesions, including DNA double-strand breaks (DSBs) and DNA
interstrand cross-links (1). As such, HR impairment leads to
genome instability and cancer predisposition and can also give
rise to severe meiotic defects, including prophase arrest, apo-
ptosis, and sterility (2, 3).
Meiotic HR is initiated when programmed DNA DSBs are
introduced into chromosomes by the Spo11-associated protein
complex (4) followed by nucleolytic resection of the DSBs to
produce long single-stranded DNA tails (5). These single-
stranded DNA tails are coated by either RAD51 or DMC1
recombinase to form a helical nucleoprotein filament, termed
the presynaptic filament, that mediates DNA strand exchange
with a homologous donor (6).Meiotic cells aremore permissive
than mitotic cells in the use of a non-sister chromatid as the
information donor in DSB repair and much more adept at
resolving the double Holliday junction arising from DNA
strand exchange to yield crossover recombinants. These attri-
butes of the meiotic HR machinery promote the linkage of
homologous chromosome pairs to ensure their proper disjunc-
tion in meiosis I (7).
Although RAD51 is present in both miotic and meiotic cells,
DMC1 is expressed only during meiosis (8–10). RAD51 and
DMC1 have been shown to colocalize in side-by-side foci on
meiotic chromatin, suggesting their cooperative action during
meiotic HR (11, 12). Despite the similarities in biochemical
attributes and the site of operation of RAD51 and DMC1,
genetic evidence from the budding yeast suggests that the two
recombinases serve distinct roles in meiotic HR (13–15). For
example, in the absence of Dmc1, the use of the sister chroma-
tid as an information donor in HR becomes more prevalent
(16). Moreover, the meiotic activity of Rad51 appears to be
restrained by the Hed1 protein (17, 18), by the synaptonemal
complex proteins Red1 and Hop1 (16), and by theMek1-medi-
ated phosphorylation of a key accessory factor Rad54 (19).
These and other observations have suggested that Dmc1 works
in conjunction with Rad51 in forming meiotic interhomologue
crossovers, whereas Rad51 acting alone may be more adept at
mediating DSB repair using the sister chromatid as an informa-
tion donor (14).
Several accessory proteins of budding yeast Dmc1 have been
identified, including Mei5-Sae3 (Sfr1-Swi5 in the fission yeast)
(20–22), Hop2-Mnd1 (13, 23–25) and Rdh54 (12, 26, 27).
These accessory factors stimulate the assembly of the Dmc1
presynaptic filament or the homologous DNA pairing activity
of the presynaptic filament (20, 23, 25), whereas Rdh54 also
appears to catalyze the removal of Dmc1 from double-stranded
DNA (28). We have recently identified RAD51AP1 as a novel
vertebrate accessory factor of DMC1 by showing that it stimu-
lates the DMC1-mediated D-loop reaction. RAD51AP1 coop-
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erates with the DMC1 presynaptic filament in the assembly of
the synaptic complex, which harbors the duplex DNA partner
held in homologous registry with the single-stranded DNA
bound in the presynaptic filament (29). Interestingly,mutations
in the extreme C terminus of RAD51AP1 that obliterate its
interaction with RAD51 (30–32) do not affect DMC1 associa-
tion (29). Furthermore, a naturally occurring spliced form (iso-
form 3) of RAD51AP1, although being perfectly capable of
RAD51 interaction, fails to associate with DMC1 (29).We have
also observed significant colocalization of RAD51AP1 with
DMC1 on meiotic chromatin, consistent with the premise that
they work together in meiotic DSB repair (29).
Here, we have explored the DMC1 interaction region in
RAD51AP1 by deletional andmutational analysis. Importantly,
we have found that a conserved WVPP motif in RAD51AP1,
which is reminiscent of the FVPP motif of BRCA2 previously
shown to be important for DMC1 but not RAD51 binding (33),
is indispensable for physical and functional interactions with
DMC1.These results thus support the premise that RAD51AP1
serves as a cofactor of both RAD51 and DMC1 and show that it
does so via a physical interaction with the two recombinases
being mediated by distinct motifs.
EXPERIMENTAL PROCEDURES
Construction of RAD51AP1 Fragments or Mutants—All the
numberings of RAD51AP1 residues are based on the coding
frame of isoform 2 (Fig. 6A and Ref. 34). The RAD51AP1 frag-
ment 1 (F1, residues 1–94) was generated by inserting a stop
codon in the RAD51AP1 coding frame in the Escherichia coli
expression vector pET24a. The DNA sequences that code for
RAD51AP1 fragment 2 (F2, residues 95–187), fragment 3 (F3,
residues 188–335), the C40 fragment (residues 295–335), and
the C60 fragment (residues 275–335) were also introduced into
pET24a. RAD51AP1 isoform 2 and all of the above RAD51AP1
fragments harbor N-terminal Maltose-Binding Protein (MBP)
and C-terminal His6 affinity tags. The primers used in
mutagenesis and cloning reactions are listed in supplemental
Table 1.
Purification of RAD51AP1 and DMC1—RAD51AP1 (iso-
form 2) and RAD51AP1 fragments tagged N-terminally with
MBP and C-terminally with His6 were purified using the same
scheme (Fig. 1, B and C). E. coli BL21(DE3)pLysS cells (Strat-
agene) that harbored the protein expression plasmids were
grown in Luria broth at 37 °C until the A600 reached 0.7–0.8, at
which point 0.2 mM isopropyl 1-thio--D-galactopyranoside
was used to induce protein expression at 37 °C for 5 h. Cells
were harvested by centrifugation and stored at 80 °C. The
following purification stepswere conducted at 0 to 4 °C. Extract
was prepared by sonicating 5 g of cell paste resuspended in 10
ml of cell breakage buffer (50 mM Tris-HCl (pH 7.5), 10% glyc-
erol, 2 mM EDTA, 150 mM KCl, 0.01% Igepal, 1 mM 2-mercap-
toethanol, and the following protease inhibitors: aprotinin, chy-
mostatin, leupeptin, and pepstatin A at 3g/ml each, and 1mM
PMSF). After centrifugation (100,000 g for 60 min), the clar-
ified lysate was diluted 3-fold with buffer K (20 mM K2HPO4
(pH 7.5), 10% glycerol, 0.5 mM EDTA, 0.01% Igepal, 1 mM
2-mercaptoethanol) and passed through a column with 10 ml
Sulfopropyl (SP)-Sepharose (Amersham Biosciences). The col-
umnwaswashedwith 50ml buffer K containing 50mMKCl and
then developed using a 100-ml gradient from 50mM to 450mM
KCl in buffer K with full-length RAD51AP1, RAD51AP1 F2,
and F3 eluting at 270–330 mM KCl and RAD51AP1 F1 eluting
at 150–190 mM KCl. The peak fractions were incubated with 3
ml of nickel-nitrilotriacetic acid-agarose resin (Qiagen) for 1 h.
The matrix was poured into a column and washed with 50 ml
each of 50 mM imidazole in buffer K containing 1 M KCl and in
buffer K containing 50mMKCl. The bound RAD51AP1 species
were eluted in four 6-ml aliquots of 200mM imidazole in buffer
K containing 50mMKCl. The combined eluate was loaded onto
a 1-ml Mono S column (Amersham Biosciences) and eluted
over a 30-ml gradient from 50 mM to 430 mM KCl in buffer K,
with full-length RAD51AP1, RAD51AP1 F2, and F3 eluting at
230–270 mM KCl and RAD51AP1 F1 eluting at 120–160 mM
KCl. The peak fractions were pooled and concentrated to
approximately 20 mg/ml in an Amicon-30 device (Millipore)
and stored in small aliquots at 80 °C. RAD51AP1 isoform 3
that harbors N-terminal GST and C-terminal His6 affinity tags
was purified as described (29). We and others have already
established that neither the N-terminal MBP or GST nor the
C-terminal His6 tag affects the biochemical behavior of
RAD51AP1 (31, 32). DMC1 with an N-terminal His6-tag was
expressed in Hi5 insect cells and purified as described previ-
ously (35).
Affinity Pull-down Assay—MBP-tagged RAD51AP1 isoform
2, isoform 2 fragments, isoform 2 full-length or fragment
mutants, andGST-tagged isoform 3 (5g) were incubatedwith
DMC1 (5 g in Figs. 1D, 4E, and 6C but 10 g in other experi-
ments) in 30 l of buffer A (25 mM Tris-HCl (pH 7.5), 0.5 mM
EDTA, 50 mM KCl) at 4 °C for 30 min. Then, 20 l of amylose
resin (New England Biolabs) or glutathione resin (Amersham
Biosciences) was added, followed by gentlemixing at 4 °C for 30
min. After washing the resin three times with buffer A, bound
proteins were eluted with 20l of 2% SDS. The supernatant (S)
containing unbound proteins, wash (W), and the SDS eluate
(E), 10 l of each, were analyzed by 10% SDS-PAGE and Coo-
massie Blue staining.
D-loop Assay—Unless stated otherwise, all the steps were
conducted at 37 °C. DMC1 (0.8 M) was incubated with the
radiolabeled 90-mer oligonucleotide 1 (2.4 M nucleotides, see
supplemental Table 2 for the sequence) in 9.5l of buffer R (25
mM Tris-HCl (pH 7.5), 50 mM KCl, 4 mM MgCl2, 2 mM ATP, 1
mMDTT) for 5min to assemble the presynaptic filament. Then
the indicated amount of RAD51AP1, RAD51AP1 fragment, or
mutant was incorporated in 2 l, followed by a 5-min incuba-
tion, before pBluescript replicative form I DNA (35 M base
pairs) was added in 1 l. After a 10-min incubation, reaction
mixtures were treated with 0.5% SDS and 0.5 mg/ml proteinase
K for 20 min and then subjected to agarose gel electrophoresis
in TAE buffer (40 mM Tris, 20 mM NaOAc (pH 7.4), 2 mM
EDTA) at 25 °C. Gels were dried and analyzed in a Personal
Molecular Imager FX (Bio-Rad), with quantification done using
the Quantity One software (Bio-Rad).
Assay for Synaptic Complex Formation—Unless stated oth-
erwise, all the steps were conducted at 37 °C. The assay was
performed as described in our published study (29). Briefly,
DMC1 (4M) was incubated with the 60-mer oligonucleotide 2
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(12M nucleotides, see supplemental Table 2 for the sequence)
or the 60-mer oligonucleotide 3 (12Mnucleotides, see supple-
mental Table 2 for the sequence) in 8 l of buffer R for 5 min at
37 °C. After the incorporation of the indicated amount of
RAD51AP1 in 0.5 l and a 5-min incubation at 37 °C, EcoRI-
linearized pUC19 DNA (83 M base pairs) was added in 1 l.
The reaction was completed by adding 6.5 units of the restric-
tion enzyme SspI in 0.5 l and incubating for 10 min at 37 °C.
After deproteinization treatment, the reaction mixtures were
resolved by electrophoresis in a 1% agarose gel in TAE buffer,
and DNA species were stained with ethidium bromide. The
stained gel was subjected to image analysis using the Quantity
One software.
RESULTS
The DMC1 Interaction Domain Resides within the
RAD51AP1 C Terminus—To isolate the DMC1 interaction
region in RAD51AP1 (isoform 2, Fig. 6A), we divided the pro-
tein into three fragments, named F1, F2, and F3, encompassing
residues 1–94, 95–187, and 188–335, respectively (Fig. 1A).
The sites for division were designed to preserve the exon
boundaries of intron-exon junctions. Each of the three frag-
ments thus harbors three of the nine exons of the RAD51AP1
gene.
These RAD51AP1 fragments were expressed in E. coli, puri-
fied, and tested for their ability to interact with DMC1 by in
vitro affinity pull-down (Fig. 1, B and C). We mixed purified
DMC1 with a RAD51AP1 fragment and then captured any
complex that had formed via the MBP tag on the RAD51AP1
fragment using amylose resin (Fig. 1D).We found that F3 inter-
acts with DMC1 with an affinity comparable with full-length
RAD51AP1 but that F1 and F2 are unable to associate with
DMC1 (Fig. 1D). These observations thus indicate that the
DMC1 binding region lies between residues 188 and 335 of
RAD51AP1.
To investigate the functional significance of the DMC1-
RAD51AP1 F3 pair, we performed two distinct biochemical
assays to interrogate the homologous DNA pairing process.
The first was the D-loop assay that monitors the formation of
the final product of homologous DNA pairing (Fig. 2A). DMC1
alone converted approximately 4% of the input single-stranded
DNA oligo into D-loops (Fig. 2B, lane 3). As expected from
published studies (29), the addition of RAD51AP1 greatly stim-
ulated this reaction up to 28% of D-loop formation (Fig. 2B,
lanes 4–6). Neither F1 nor F2 stimulated D-loop formation
(Fig. 2B, lanes 7–12), whereas F3 was almost as effective as
full-length RAD51AP1 in stimulating the reaction up to 24% of
product formation (lanes 13–15).
Next, we tested the RAD51AP1 fragments in an assay that
examines the formation of the synaptic complex by probing for
the protection of a homologous target in linear duplex DNA
against restriction enzyme digestion (Fig. 2C). We note that, as
determined by Adzuma (36), the structure of the synaptic com-
plex bears resemblance to the D-loop. Following incubation of
theDMC1 presynaptic filament with RAD51AP1, linear duplex
DNA that harbors a homologous target, including an embed-
ded SspI restriction site, is added. Formation of the synaptic
complex, wherein the presynaptic filament is homologously
paired to the target duplex region, results in protection of the
duplex DNA against digestion by the restriction enzyme SspI
(25, 29, 37). As reported before (29), neither the DMC1 presyn-
aptic filament nor RAD51AP1 afforded significant protection
against SspI (Fig. 2D, lanes 2–3). However, as we had observed
before (29), a large fraction of the double-stranded DNA was
protected fromSspI digestion by the combination of theDMC1
presynaptic filament and RAD51AP1 (Fig. 2D, lanes 4–5).
When the RAD51AP1 fragments were tested with the DMC1
presynaptic filament, we found that F1 and F2 are not able to
protect the DNA from SspI digestion but that, importantly, F3
is nearly as effective as the full-length protein in this regard (Fig.
2D, lanes 6–9 and lanes 10 and 11, respectively).
Taken together, the results from the above assays indicate
that the C-terminal portion of RAD51AP1 encompassing resi-
dues 188–335 mediates the interaction with DMC1 and that it
is capable of promoting synaptic complex assembly andD-loop
formation in conjunctionwith theDMC1 presynaptic filament.
We note that this sameC-terminal region is similarly capable of
binding RAD51 and stimulating RAD51-mediated D-loop for-
mation (31)3.
Evidence for Distinct DMC1 and RAD51 Interaction Epitopes
in RAD51AP1—The extreme C terminus of RAD51AP1
appears to be critical for RAD51 interaction (30–32). We won-
dered if it might also be required for DMC1 binding. Therefore,
we constructed truncation mutants of RAD51AP1 F3 that lack
the C-terminal 7, 12, or 17 residues (Fig. 3A), expressed these
3 M. H. Dunlop and E. Dray, unpublished data.
FIGURE 1. Testing RAD51AP1 fragments for DMC1 interaction. A, frag-
ments of RAD51AP1 isoform 2. B, purification scheme of RAD51AP1 frag-
ments. C, purified MBP-tagged full-length (FL) RAD51AP1 and the three frag-
ments, F1, F2, and F3, were analyzed by SDS-PAGE.D, purified RAD51AP1 and
fragments were tested for DMC1 interaction via the MBP tag on the former.
The supernatant (S), wash (W), and SDS eluate (E) fractions of these pull-down
reactions were analyzed by SDS-PAGE. MBP alone did not pull down any
DMC1 (data not shown).
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truncation mutants in E. coli, and purified them for biochemi-
cal testing with DMC1 and RAD51 (Fig. 3B). By affinity pull-
down that made use of the MBP tag on the various F3 variants,
we found that the F3C7, F3C12, and F3C17 truncation
mutants are all proficient in DMC1 interaction (Fig. 3C) but
devoid of the ability to associate with RAD51 (supplemental
Fig. 1A).
Wenext tested the F3 truncationmutants in theD-loop assay
(Fig. 3D). Importantly, we observed that none of the three
C-terminal truncations impairs the ability of F3 to promote
DMC1-mediated D-loop formation but that all three mutants
are defective in the RAD51-mediated reaction (supplemental
Fig. 1B).
Thus, the deletion of as few as seven of the C-terminal resi-
dues of RAD51AP1 impairs its ability to undergo physical and
functional interactions with RAD51, but even deleting as many
as 17 of the C-terminal RAD51AP1 residues does not seem to
affect the ability to bind DMC1 or to enhance the recombinase
function of DMC1. Taken together, these results strongly sug-
gest that RAD51AP1 employs distinct regions to mediate its
physical and functional interaction with DMC1 and RAD51, a
premise that is validated by additional analyses, as documented
below.
A WVPP Motif Is Critical for DMC1 Interaction—In our
effort to more precisely demarcate the DMC1 interaction
domain, we expressed the last 40 or 60 residues of RAD51AP1,
the C40 and C60 fragments, in E. coli, purified them (Fig. 4A
and B), and tested them in the affinity pull-down assay for
DMC1 binding. The results showed that C60, but not C40, is
capable of DMC1 interaction (Fig. 4C), whereas both C40 and
C60 are able to associate with RAD51 (supplemental Fig. 2A).
These findings again strengthen the deduction that separate
FIGURE 2. Testing the RAD51AP1 fragments for enhancement of DMC1 recombinase activity. A, schematic of the D-loop assay. B, full-length (FL)
RAD51AP1 and fragments (0.5, 1.0, or 1.5M)were tested in theD-loop reactionwithDMC1. The resultswere quantified andplotted. The error bars aremean
S.D. from at least three independent experiments. Neither full-length RAD51AP1 (lane 2) nor any of the three fragments (data not shown) was able to catalyze
the D-loop reactionwithout DMC1. C, schematic of the synaptic assay.D, full-length RAD51AP1 and fragments (1 or 2M) were testedwith DMC1 for synaptic
complex formation. The percentage of double-stranded DNA protected from SspI digestion was quantified, and the results were plotted. Neither full-length
RAD51AP1 (lane 4) nor anyof the three fragments (data not shown)were able to form the synaptic complexwithoutDMC1. Synaptic complex assembly didnot
occur in the absence of ATP (lane 12).
DMC1 InteractionMotif in RAD51AP1
OCTOBER 28, 2011•VOLUME 286•NUMBER 43 JOURNAL OF BIOLOGICAL CHEMISTRY 37331
 at Queensland Univ of Technology (CAUL) on M
ay 11, 2017
http://w
w
w
.jbc.org/
D
ow
nloaded from
 
domains in RAD51AP1 are involved in DMC1 or RAD51 inter-
action and also provide evidence that the region between 60 and
40 residues from the C terminus of RAD51AP1, corresponding
to residues 275–295 in isoform 2, may be critically important
for DMC1 interaction.
When we analyzed the region that harbors residues 275–295
of RAD51AP1 from various species, we found a cluster of four
highly conserved residues, WVPP, that resembles the FVPP
motif in the tumor suppressor BRCA2 (Fig. 4D and Ref. 33),
known to be involved in complex formation with DMC1. To
test the relevance of this RAD51AP1 sequence in DMC1 bind-
ing, we changed Trp-287 to alanine within the context of
RAD51AP1 F3. TheW287A F3mutant was expressed in E. coli
and purified (Fig. 4,A and B). Biochemical testing revealed that
F3W287A is defective in DMC1 binding (Fig. 4E) and, accord-
ingly, incapable of enhancing the DMC1-mediated D-loop
reaction (Fig. 5A) or synaptic complex assembly (B). In sharp
contrast, the F3 W287A mutant remains proficient in RAD51
interaction and fully functional in the RAD51-mediatedD-loop
reaction (supplemental Fig. 2, B and C).
To further investigate the functional significance of the Trp-
287 residue, we introduced the W287A mutation into full-
FIGURE 3. The extreme C terminus of RAD51AP1 is dispensable for DMC1 interaction. A, schematic of C-terminal truncations of RAD51AP1 F3 (F3C). B,
purified RAD51AP1 F3Cmutantswere analyzedby SDS-PAGE.C,purified F3 and F3Cmutantswere tested forDMC1 interactionby affinity pull-downvia the
MBP tag on the former. The supernatant (S), wash (W), and SDS eluate (E) fractions of these pull-down reactions were analyzed by SDS-PAGE. D, either
RAD51AP1 F3or the indicated F3Cmutant (0.5 or 1.0M)was tested in theD-loop reactionwithDMC1. The resultswere quantified andplotted. The error bars
are mean S.D. from at least three independent experiments.
FIGURE 4. The W287A mutation ablates interaction of RAD51AP1 with DMC1. A, schematic of the RAD51AP1 C-terminal fragments and the F3 W287A
mutant. The Trp-287 position has been indicated by an asterisk. B, purified RAD51AP1 C40 and C60 fragments and the F3 W287A mutant were analyzed by
SDS-PAGE. C, purified RAD51AP1 C40 and C60 fragments were tested for interaction with DMC1 via theMBP tag on the former. The supernatant (S), wash (W),
and eluate (E) fractions were examined by SDS-PAGE.D, the conserved BRCA2 FVPPmotif that is required for DMC1 interaction (33) is indicated. Alignment of
RAD51AP1 orthologs reveals a conservedWVPPmotif. E, purified RAD51AP1 F3 and theW287Amutantwere tested for DMC1 interaction by affinity pull-down
via the MBP tag on the former. The supernatant, wash, and eluate fractions were analyzed by SDS-PAGE.
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length RAD51AP1 (Fig. 6A). Themutant proteinwas expressed
in E. coli and purified for testing in the affinity pull-down, syn-
aptic complex assembly, and D-loop reactions with DMC1 and
RAD51 (Fig. 6, B). Importantly, the results from this endeavor
showed clearly that Trp-287 is important for binding and stim-
ulating DMC1 (Fig. 6, C–E) but dispensable for RAD51 (sup-
plemental Fig. 3, A and B). As expected, RAD51AP1 isoform 3
(29), which lacks the WVPP motif, showed no activity in the
DMC1-mediated reactions (Fig. 6, C–E).
DISCUSSION
RAD51AP1 has been known for quite some time to be a part-
ner protein of RAD51 (31, 32, 34). Importantly, we have
recently provided evidence to implicate RAD51AP1 as a novel
partner of themeiotic recombinase DMC1 (31, 32, 34) in that it
physically interacts with and enhances the recombinase activity
of DMC1. By cytological analysis, RAD51AP1 was seen to colo-
calize withDMC1 onmeiotic chromatin as frequently as it does
with RAD51 (29).
At first glance, the attribute of RAD51AP1 as a DMC1 cofac-
tor resembles what has been reported for RAD51 (31, 32, 34).
However, studies documented here and elsewhere have
unveiled an important distinction between the RAD51AP1-
RAD51 and RAD51AP1-DMC1 pairs. Specifically, as we have
documented here and elsewhere (29), RAD51AP1 employs sep-
FIGURE 5. The RAD51AP1 F3W287Amutant fails to enhanceDMC1-mediated reactions. A, RAD51AP1 F3 and theW287Amutant (0.5, 1.0, or 1.5M)were
tested in theD-loop reactionwithDMC1. The results were quantified andplotted. The error bars aremean S.D. fromat least three independent experiments.
B, RAD51AP1 F3 and the W287A mutant (1 or 2 M) were tested with DMC1 for synaptic complex formation. The protection of the SspI restriction site was
quantified and plotted.
FIGURE 6. The W287A mutation abolishes physical and functional interactions of RAD51AP1 with DMC1. A, schematic of the three naturally spliced
RAD51AP1 isoforms and the W287Amutant made in isoform 2. The Trp-287 position is indicated by an asterisk. B, purified RAD51AP1 MBP-tagged isoform 2,
GST-tagged isoform3, andMBP-tagged isoform2W287AmutantwereanalyzedbySDS-PAGE.C, purifiedRAD51AP1 isoform2, isoform3, and isoform2W287A
mutants were tested for DMC1 interaction by affinity pull-down through the MBP or GST tag on the former. The supernatant (S), wash (W), and eluate
(E) fractions were analyzed by SDS-PAGE. Neither MBP nor GST could pull DMC1 down (data not shown). D, RAD51AP1 isoform 2, isoform 3, and isoform
2 W278A mutant (0.5, 1.0, or 1.5 M) were tested in the D-loop reaction with DMC1. The results were quantified and plotted. The error bars are mean
S.D. from at least three independent experiments. E, RAD51AP1 isoform 2, isoform 3, and isoform 2 W278A mutant (1 or 2 M) were tested for synaptic
complex assembly with DMC1. The protection of the SspI restriction site was quantified and plotted.
DMC1 InteractionMotif in RAD51AP1
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arate epitopes to interact with RAD51 andDMC1. Importantly,
our biochemical mapping studies have led us to identify a con-
served WVPP motif in RAD51AP1 that is reminiscent of the
FVPPmotif in BRCA2, as previously shown by Thorslund et al.
(33), to be important for the interaction of BRCA2 with DMC1
but dispensable for its association with RAD51. Indeed,
although the W278A mutation in RAD51AP1 ablates DMC1
interaction, it has little or no effect on complex formation with
RAD51.Our results, togetherwith those reported byThorslund
et al. (33), help uncover the W/FVPP sequence as part of a
conserved DMC1 interaction motif. Importantly, our studies
involving different RAD51AP1 isoforms and the W278A
mutant (Ref. 29 and this work) have provided compelling evi-
dence that complex formation between RAD51AP1 andDMC1
is a prerequisite for functional cooperation of these HR factors
in the assembly of the synaptic complex and D-loop reaction.
Although RAD51 and DMC1 share a great deal of amino acid
sequence homology, the fact that RAD51AP1 possesses distinct
epitopes for mediating RAD51 and DMC1 interactions implies
that divergent domains in RAD51 and DMC1 are responsible
for complex formation with RAD51AP1.
On the basis of the colocalization of DMC1 and RAD51 foci
onmeiotic chromatin of yeast, lily, andmouse (11, 38–40), and
the fact that the two recombinases appear to cooperate func-
tionally in crossover formation (14, 41, 42), it has been sug-
gested that the two recombinases work together at the same
DSB repair centers. It is possible that RAD51AP1, with its sep-
arate epitopes for binding DMC1 and RAD51, may simultane-
ously associate with both recombinases to serve as a molecular
bridge to bring the two recombinases together in these repair
centers. This would be an interesting topic for future
investigations.
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